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HUMAN TUMOR NECROSIS FACTOR RECEPTOR 

This invention relates to newly identified 
polynucleotides, polypeptides encoded by such 
polynucleotides, the use of such polynucleotides and 
polypeptides, as well as the production of such 
polynucleotides and polypeptides. The polypeptide of the 
present invention has been putatively identified as a Tumor 
Necrosis Factor receptor, and more particularly as a type 2 
Tumor Necrosis Factor Receptor. The polypeptide of the 
present ivention will hereinafter be referred to as M TNF 
receptor" . The invention also relates to inhibiting the 
receptor . 

Human tumor necrosis factors a (TNF-a) and & (TNF-0 or 
lymphotoxin) are related members of a broad class of 
polypeptide mediators, which includes the interferons, 
interleukins and growth factors, collectively called 
cytokines (Beutler, B. and Cerami, A., Annu. Rev, Immunol., 
7:625-655 (1989)). 

Tumor necrosis factor (TNF-a and TNF-0) was originally 
discovered as a result of its anti-tumor activity, however, 
now it is recognized as a pleiotropic cytokine playing 
important roles in a host of biological processes and 
pathologies. To date, there are eight known members of the 
TNF-related cytokine family, TNF-a, TNF-0 ( lymphotoxin-a) , 
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LT-0, and ligands for the Fas receptor, CD30, CD27, CD40 and 
4-1BB receptors. These proteins have conserved C-terminal 
sequences and variable N-terminal sequences which are often 
used as membrane anchors, with the exception of TNF-0. Both 
TNF-ct and TNF-0 function as homotrimers when they bind to TNF 
receptors • 

TNF is produced by a number of cell types, including 
monocytes, fibroblasts, T cells, natural killer (NK) cells 
and predominately by activated machrophages . TNF -a has been 
reported to have a role in the rapid necrosis of tumors, 
immunostimulation, autoimmune disease, graft rejection, 
producing an ariti^virai resjponsie, septic shock, cerebral 
malaria, cytotoxicity, protection against deleterious effects 
of ionizing radiation produced during a course of 
chemotherapy, such as dehaturatibii of 4rifcyities, lipid 
peroxidation and DNA damage (ft at a et al, J. : Immuhdl . 
1^6(7 ) : 2483 { 19 &7 ) ) 7 growth rental a tidn', vdsculaf r ei^othel:itim 
effects' and metabolic effects. TNF -a also trigger is 
endothelial cells to sebrtet^ Various' faietbrs, including PAI- 
1, IL-1, GM-CSF arid 1L-6 to pfditiote cell prolif Oration. In 
addition, TNf-'ct up-r egulatefi ^attious cell adhesion molecules 
such as E-Seiectih, iCAWpl arid vdAM-l. Tfcfr arid thfc Fas 
iigarid have also beeri shbwri to induct programmed cell death* 

A related molecule, lymphotoxin (LT, also referred to as 
TNF-0) Which is produced by activated lymphocytes shows a 
similar but not identical spectrum of biological activities 
as TNF. Two different types of LT have been found, LT-a and 
LT-jff'. LT-a hak many activities, including tumor necrosis, 
induction of an antiviral state, aetivattibh of 
polymorphonuclear leukocytes , induction of class I major 
histocompatibility complex antigens on endothelial cell6, 
induction of adhesion molecules on endothelium and growth 
hormone stimulation (Ruddle, N. and Homer, R. , Prog. Allergy, 
40:162-182 (1986)). 



-2- 



WO 96/28346 



PCT/US95/03216 



The first step in the induction of the various cellular 
responses mediated by TNF or LT is their binding to specific 
cell surface or soluble receptors. Two distinct TNF 
receptors of approximately 55-KDa (TNF-R1) and 75-KDa (TNF- 
R2) have been identified (Hohman, H.P. et al . , J. Biol, 
Chem, , 264:14927-14934 (1989)), and human and mouse cDNAs 
corresponding to both receptor typeB have been isolated and 
characterized (Loetscher, H. et al., Cell, 61:351 (1990)). 
Both TNF-Rs share- the typical structure of cell surface 
receptors including extracellular, transmembrane and 
intracellular regions. 

These molecules exist not only in cell bound forms, but 
also in soluble forms, consisting of the cleaved extra- 
cellular domains of the intact receptors (Nophar et al., EMBO 
Journal, 9 (10): 3269-7 6 (1990)). The extracellular domains 
of TNF-R1 and TNF-R2 Bhare 28% identity and are characterized 
by fpur repeated cysteine-rich motifs with significant 
intersubunit sequence homology. The majority of cell types 
and tissues appear to express both TNF receptors and both 
receptors are active in signal transduction, however, they 
are able to mediate distinct cellular responses. Further, 
TNF-R2 was shown to exclusively mediate human T cell 
proliferation by TNF as shown in PCT WO 94/09137. 

TNF-R1 dependent responses include accumulation of C- 
FOS, IL-6, and manganese superoxide dismutase mRNA, 
prostaglandin E2 synthesis, IL-2 receptor and MHC class I and 
II cell surface antigen expression, growth inhibition, and 
cytotoxicity. TNF-R1 also triggers second messenger systems 
such as phospholipase A 2 , protein kinase C, 
phosphatidylcholine-specif ic phospholipase C and 
sphingomyelinase (Pfefferk et al., Cell, 73:457-467 (1993)). 

The receptor polypeptide of the present invention binds 
TNF, and in particular, TNF-0. Further, the TNF receptor may 
also bind other ligands, including but not limiFed to Nerve 
Growth Factor, due to homology to a family of receptors and 
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antigens Which are involved in other critical biological 
processes. This family shows highly conserved cysteine 
residues and includes the low affinity NGF receptor, which 
plays an important role in the regulation of growth and 
differentiation of nerve cell6, the Fas receptor also called 
Ai>b, a receptor which is involved iB signalling for apo ptosis 
and which, baded oh a study with mice deficient in its 
function, seems to play ah important role in the etiology of 
a lupus-like disease, the TNF-R1 , thei B cell antigen CD40 , 
and the T cell activation antigen CD27 ; 

In accordance with one aspect of the present invention, 
there is provided a hovel mature polypeptide Which is a 
putative TNF redeptor, as well as fragments , analogs and 
derivatives thereof. The polypeptide of the present 
ihV&fitiofi is of hiiman origin* 

In adcordaride with another aspect of the present 
invention; there at6 provided isolated nucleic tdid molecules 
encoding the polypeptide of the present invention , including 
xnRNA6, DNAs; cDNAs , genomic DMA as well as antisense analogs 
thereof and biologically active and diagno6tically or 
therapeutically Useful fragments: thereof* . 

in a"66ordahce with yet a further aspect of the present 
invention, there is provided a process for producing such 
polypeptides by recombinant techniques : which comprises 
ctiituring recombinant prokarybtic and/or eukaryotic host 
cells, containing a nucleic acid sequence encoding a 
polypeptide of the present invention, under conditions 
pirbmotihg expression of said protein and subsequent recovery 
of said proteiri* 

In accordance with yet a further aspect of the present 
invention, there is provided a process for utilizing such 
polypeptide, or polynucleotide encoding such polypeptide to 
screeii for receptor antagonists and/or agonists and/or 
receptor ligdnds. 
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In accordance with yet a further aspect of the present 
invention, there are provided nucleic acid probes comprising 
nucleic acid molecules of sufficient length to specifically 
hybridize to the polypeptide of the present invention. 

In accordance with still another aspect of the present 
invention, there is provided a process of using such agonists 
for treating conditions related to insufficient TNF receptor 
activity, for example, to inhibit tumor growth, to stimulate 
human cellular proliferation, e.g., T-cell proliferation , to 
regulate the immune response and antiviral responses, to 
protect against the effects of ionizing radiation, to protect 
against chlamidiae infection, to regulate growth and to treat 
immunodeficiencies such as is found in HIV. 

In accordance with another aspect of the present 
invention, there is provided a process of using such 
antagonists for treating conditions associated with over- 
expression of the TNF receptor, for example, for treating T- 
cell mediated autoimmune diseases such as AIDS, septic shock, 
cerebral malaria, graft rejection, cytotoxicity, cachexia, 
apoptosis and inflammation. 

These and other aspects of the present invention should 
be apparent to those skilled in the art from the teachings 
herein. 

The following drawings are illustrative of embodiments 
of the invention and are not meant to limit the scope of the 
invention as encompassed by the claims. 

Figure 1 shows the cDNA sequence and corresponding 
deduced amino acid sequence of the polypeptide of the present 
invention. The initial 21 amino acids represent the putative 
leader sequence and are underlined. The standard one-letter 
abbreviations for amino acids are used. Sequencing was 
performed using a 373 automated DNA sequencer (Applied 
Biosystems, Inc.). Sequencing accuracy is predicted to be 
greater than 97% accurate. 
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Figure 2 illustrates an amino acid sequence alignment of 
the polypeptide of the present invention (upper line) and the 
human typte 2 TNF receptor (lower line). 

The term "gene" or "cistroh" means the segment of 
DiSfA involved in producing a polypeptide chain; it includes 
fegioriS preceding and foiidwing the coding region ( leader And 
trailer) as well as intervening sequences (introns) between 
individual coding segments ( exons ) . 

In accordance with ah aspect bf the present invention, 
there provided ah isolated fttidleic acid (polynucleotide ) 
tfMcli ehcodfefe f or the Mttife pSl^^tide having the deduced 
aiiino acid ie<j\ierice of tfigtire 1 (SEO ID Kb. 2) or for the 
mature polypeptide! encoded fay the cDNA bf the clone deposited 
as ATCC Deposit No ; 75899 on September 26/1994. 

A pblynucl€idtid¥ encoding a polypeptide of the present 
iftveritiibti nta^ fag cJbtiteihted from huftan k pulmonary tissue, 
hr^bbaftipus and adult heart . • Th# polynucleotide of this 
invention was discovered in a cDNA library derived from human 
early" passage' fibroblasts (HSA 172 cells) . It , is 
structurally related to the human TNF-R2 receptor. It 
contains dri open reading frame encoding a protein of 390 
iminB abid residues of which approximately the first 21 amino 
acids residues are the putative leader sequence such that the 
m&turfe proteiri comprises 369 amino acids v The protein 
exhibits the highest degree of homology to a human type 2 TNF 
receptor with 39% identity and 46% similarity over an 88 
amino kcid stretch. Six conserved cyteines present in 
modules of 40 residues in all TNF receptors are conserved in 
this receptor w 

The TN£ receptor of the present invention is a soluble 
receptor and is secreted , however, it may also exist as a 
membrane bound receptor having a transmembrane region and an 
intra- and extracellular region. The polypeptide of the 
present invention may bind TNF and lymphotoxin Uganda. 
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In accordance with an aspect of the present invention 
there is provided a polynucleotide which may be in the form 
of RNA or in the form of DNA, which DNA includes cDNA, 
genomic DNA, and synthetic DNA. The DNA may be double- 
stranded or single-stranded, and if single stranded may be 
the coding strand or non-coding (anti-sense) strand- The 
coding sequence which encodes the mature polypeptide may be 
identical to the coding sequence shown in Figure 1 (SEQ ID 
No. 1) or that of the deposited clone or may be a different 
coding sequence which coding sequence, as a result of the 
redundancy or degeneracy of the genetic code, encodes the 
same mature polypeptide as the DNA of Figure 1 (SEQ ID No. 1) 
or the deposited cDNA. 

The polynucleotide which encodes for the mature 
polypeptide of Figure 1 (SEQ ID No. 2) or for the mature 
polypeptide encoded by the deposited cDNA may include: only 
the coding sequence for the mature polypeptide; the coding 
sequence for the mature polypeptide and additional coding 
sequence such as a leader or secretory sequence or a 
proprotein sequence; the coding sequence for the mature 
polypeptide (and optionally additional coding sequence) and 
non-coding sequence, such as introns or non-coding sequence 
5 9 and/or 3 ' of the coding sequence for the mature 
polypeptide. 

Thus, the term "polynucleotide encoding a polypeptide" 
encompasses a polynucleotide which includes only coding 
sequence for the polypeptide as well as a polynucleotide 
which includes additional coding and/or non-coding sequence- 

The present invention further relates to variants of the 
hereinabove described polynucleotides which encode for 
fragments, analogs and derivatives of the polypeptide having 
the deduced amino acid sequence of Figure 1 (SEQ ID No. 2) or 
the polypeptide encoded by the cDNA of the deposited clone. 
The variant of the polynucleotide may be a naturally 
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occurring allelic variant of the polynucleotide or a non- 
naturally occurring variant of the polynucleotide. 

Thus, the present invention includes polynucleotides 
encoding the same mature polypeptide as Shown in Figure 1 
( SEQ ID Do. 2) or the same mature polypeptide encoded by the 
cDNA of the deposited clone as well as variants of such 
polynucleotides whicih variants encode for a fragment, 
derivatives of analog of the polypeptide of Figure 1 (SEQ ID 
Ko. % ) or the" pblypSptidd^ e^b^d fey the dDNA of the 
deposited clone ♦ Such " riudleotid^ Variants include deletion 
variants/ suB^titiitidfr" variants and addition" or insertion 
variants • 

A6 hereinabove indicated, the polynucleotide may have a 
coding sequence wfiich is a naturally occurring allelic 
variant of the boding ^equ^hce shown in Figure 1 (SEQ ID No* 
Y) or 6f the dddi&r s^ien^- of' "'the' : deposited el orie. ^ As 
known ih thi art) in illfeli^ vairiknt is ' ; afi '* & i^6Vh^e lv; £brih- : of 
a polynucleotide sequence" Which may have a substitution/ 
deletidii 1 oir additiori of one or more nucleotides/ which does 
not substantially alter the function of the encoded 
^ly^e^id^ ~ ' ■ ■ vr '- : ■■ ■ ^ : 

Th£ 'jpfeseiit invention also includes polynucleotides, 
wherein the coding sequence for the niature polypeptide may be 
fused in the same reading frame to a polynucleotide, Sequence 
: " which aids in expr¥ssioh and sfccretibn df a polypeptide from 
a Host cell, for example, a leader sequence which functions 
as a secretory sequence for controlling transport of a 
polypeptide from the cell. The polypeptide hiving a leader 
sequence' i£ a preprbtein and ' may hav£ the leader Sequence 
cleaned by the host cell to form the mature form of the 
polypeptide. The polynucleotides may also encode for a 
proprotein which i£ the mature protein plus additional 5' 
amino acid residues. A mature protein having a prosequence 
is a proprotein and is an inactive form of the protein. Once 
the prosequence is cleaved an active mature protein remains. 
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Thus, for example, the polynucleotide of the present 
invention may encode for a mature protein, or for a protein 
having a prosequence or for a protein having both a 
prosequence and a presequence (leader sequence). 

The polynucleotides of the present invention may also 
have the coding sequence fused in frame to a marker sequence 
which allows for purification of the polypeptide of the 
present invention. The marker sequence may be a hexa- 
histidine tag supplied by a pQE-9 vector to provide for 
purification of the mature polypeptide fused to the marker in 
the case of a bacterial host, or, for example, the marker 
sequence may be a hemagglutinin (HA) tag when a mammalian 
host, e.g. COS -7 cells, is used. The HA tag corresponds to 
an epitope derived from the influenza hemagglutinin protein 
(Wilson, I., et al., Cell, 37:7 67 (1984)). The coding 
sequence may alBo be fused to a sequence which codes for a 
fusion protein such as an IgG Fc fusion protein. 

The present invention further relates to 
polynucleotides which hybridize to the hereinabove-described 
sequences if there is at least 50% and preferably 70% 
identity between the sequences. The present invention 
particularly relates to polynucleotides which hybridize under 
stringent conditions to the hereinabove-described 
polynucleotides. As herein used, the term -stringent 
conditions" means hybridization will occur only if there is 
at least 95% and preferably at least 97% identity between the 
sequences. The polynucleotides which hybridize to the 
hereinabove described polynucleotides in a preferred 
embodiment encode polypeptides which retain substantially the 
same biological function or activity as the mature 
polypeptide encoded by the cDNA of Figure 1 (SEQ ID No. 1) or 
the deposited cDNA. 

The deposit (s) referred to herein will be maintained 
under the terms of the Budapest Treaty on the international 
Recognition of the Deposit of Micro-organisms for purposes of 
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Patent Procedure. These depositB are provided merely as 
convenience to those of skill in the art ahd are not an 
admission that a deposit is required under 35 U.S. C. SI 12. 
The sequence of the polynucleotides contained in the 
deposited materials, as well as the amino acid sequence of 
the pbiy£ejptides encoded thereby/ are incorporated herein by 
reference and are controlling in the event of any conflict 
with any description of sequences herein. A license may be 
reqtiirfed to make, use of :: sell the deposited materials, and 
no £\i8ti licehse is h^feby f ^rarit6dV 

Ttie prWsW^' invfentidn f urther relates to a polypeptide 
which has th^ deduced amino acid Sequence of Figure 1 (SEQ ID 
No. 2) dr which ha6 the amino acid sequence encoded by the 
deposited cDNA, as well as fragments, analogs and derivatives 
of such polypeptide . 

TES teMS "iragiheht; M ''derivative'' And ''analog" when 
referring : t:c the polypeptide of f igure 1 (SEQ ID; Nov 2 ) or 
that enooded by the deposited cDNA, means a polypeptide which 
detains ^essentially ttii same biological function or activity 
as sudh polypeptide . Thus, an analog includes a proprotein 
which can be activated by cleavage of the proprotein portion 
* 'ttf'pi^ polypeptide ♦ 

The pdiypepCide of the present invention may be a 
recombinant polypeptide , a natural polypeptide or a synthetic 
polypeptide, preferably a recombinant polypeptide. 

The fragment, derivative or analog of the polypeptide 
of Figure 1 (SEQ ID No* 2) or that encoded by the deposited 
cDNA may be (i) one in which one or more of the amino acid 
residues are substituted tfith a conserved or non-conserved 
amino acid residue (preferably a conserved amino acid 
residue) and such substituted amino acid residue may or may 
not be one encoded by the genetic code, or (ii) one in which 
one or more of the amino acid residues includes a substituent 
group, or (iii) one in which the mature polypeptide is fused 
with another compound, such as a compound to increase the 
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half -life of the polypeptide (for example, polyethylene 
glycol ), or (iv) one in which the additional amino acids are 
fused to the mature polypeptide, such as an IbG Fc fusion 
region peptide or leader or secretory sequence or a sequence 
which is employed for purification of the mature polypeptide 
or a proprotein sequence. Such fragments, derivatives and 
analogs are deemed to be within the scope of those skilled in 
the art from the teachings herein. 

The polypeptides and polynucleotides of the present 
invention are preferably provided in an isolated form, and 
preferably are purified to homogeneity. 

The term -isolated" means that the material is removed 
from its original environment (e.g., the natural environment 
if it is naturally occurring). For example, a naturally- 
occurring polynucleotide or polypeptide present in a living 
animal is not isolated, but the same polynucleotide or 
polypeptide, separated from some or all of the coexisting 
materials in the natural system, is isolated. Such 
polynucleotides could be part of a vector and/or such 
polynucleotides or polypeptides could be part of a 
composition, and still be isolated in that such vector or 
composition is not part of its natural environment. 

The present invention also relates to vectors which 
include polynucleotides of the present invention, host cells 
which are genetically engineered with vectors of the 
invention and the production of polypeptides of the invention 
by recombinant techniques. 

Host cells are genetically engineered (transduced or 
transformed or transfected) with the vectors of this 
invention which may be, for example, a cloning vector or an 
expression vector. The vector may be, for example, in the 
form of a plasmid, a viral particle, a phage, etc. The 
engineered host cells can be cultured in conventional 
nutrient media modified as appropriate for activating 
promoters, selecting trans formants or amplifying the nucleic 
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acid sequences of the present invention. The culture 
conditions, such as temperature, pH and the like, are those 
previously used with the host c6ll selected for expression, 
arid will be apparent to the ordinarily skilled artisan* 

The polynucleotides of the present invention may be 
enipldyW ioi producing polypeptides by recombinant 
techniques . Thus, for example , the polynucleotide may be 
included in any one of a variety of expression vectors for 
Wxpfessing a polypeptide * Such vectors- include chromosomal , 
nonchrbiribSbmal and synthetic fiNA sequencer, e.g. , 
derivatives of SV40 ; bacterial plasmids,- phage DNA; 
bacuiovirus; yeast plasmids ; vectors derived from 
cifoinbihations of plasmids arid phage DNA i viral DNA such as 
vaccinia, adenovirus , fowl pb^ virus, and pseudorabies . 
However, any d^ef - vectbt may^ b^ u^ed as long as it is 
r^f)lidi£>l# u !M v vidbW iti the hSst / - V' 

tfh«s appropriate DNA Ife<|u^ivde rr&y be inserttedj into the 
vector by a variety of procedures. In general , the DNA 
sequeride is inserted into; aii appropriate restriction 
eridonucTease site(s) by procedures, known in the art. Such 
pf&(fedures-and dthets at* deemed to be» within, the scope of 
those skilled in the art. 

The DNA sequence in the expression vector is operatively 
linked to aii appropriate express ion corit ro 1 sequence ( s ) 
(promoter) to direct mRNA synthesis ♦ As; representative 
example* of such promoters, there may be mentioned: LTR or 
SV40 promoter, the e. coli. las or £xe, the phage lambda P L 
promoter and other promoters known to control: expression of 
gbnes iri ^dkarydtxc or eukaryotic cells or their viruses . 
The expression vector also contains a ribosome binding site 
for translation initiation and a transcription terminator. 
The vector may alsc> include appropriate sequences for 
amplifying' expression. 

In addition, the expression vectors preferably contain 
one or more Selectable marker genes to provide a phenotypic 
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trait for selection of transformed host cells such as 
dihydrofolate reductase or neomycin resistance for eukaryotic 
cell culture, or such as tetracycline or ampicillin 
resistance in E. coli. 

The vector containing the appropriate DNA sequence as 
hereinabove described, as well as an appropriate promoter or 
control sequence, may be employed to transform an appropriate 
host to permit the host to express the protein. 

As representative examples of appropriate hosts, there 
may be mentioned: bacterial cells, such as p. coli, 
s^reptomvces . Salmonella typhimurium : fungal cells, such as 
yeast; insect cells such as Drosophila 552 and Spodoptera Sf 9 ; 
animal cells such as CHO, COS or Bowes melanoma; 
adenoviruses; plant cells, etc. The selection of an 
appropriate host is deemed to be within the scope of those 
skilled in the art from the teachings herein. 

More particularly, the present invention also includes 
recombinant constructs comprising one or more of the 
sequences as broadly described above. The constructs 
comprise a vector, such as a plasmid or viral vector, into 
which a sequence of the invention has been inserted, in a 
forward or reverse orientation. In a preferred aspect of 
this embodiment, the construct further comprises regulatory 
sequences, including, for example, a promoter, operably 
linked to the sequence. Large numbers of suitable vectors 
and promoters are known to those of skill in the art, and are 
commercially available. The following vectors are provided 
by way of example. Bacterial: pQE70, pQE60, pQE-9 (Qiagen), 
pBS, pDIO, phagescript, psiX174, pbluescript SK, pbsks, 
pNH8A, pNH16a, pNH18A, pNH46A ( Stratagene ) ; pTRC99a, pKK223- 
3, pKK233-3, pDR540, pRIT5 (Pharmacia). Eukaryotic: pWLNEO, 
pSV2CAT, pOG44, pXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, 
pSVL (Pharmacia). However, any other plasmid or vector may 
be used as long as they are replicable and viable in the 
host. 
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Promoter regions can be selected from any desired gene 
using CAT (chloramphenicol transferase) vectors or other 
vectors with selectable markers. Two appropriate vectors are 
pKK232-8 and pCM7 . Particular named bacterial promoters 
include lad, lacZ, T3, T7, gpt, lambda P R , P L and trp. 
Eiikarjrbtic promoters include CMV immediate early / HSV 
thymidine kinase, early and late SV40, LTRs from retrovirus, 
and mouse metal lothibnein-i . Selection of the appropriate 
vector And promoter' is well within the level of ordinary 
skill in ttfe art. 

In k further embodimentV^ the pre&Srit invention relates 
to host cells containing the above-described constructs ♦ The 
tibst cell can be a higher eukaryotic cell, such as a 
maitimaiiah cell, or a lower eukaryotic cell, such as a yeast 
cell, or the hbst cell cari be a ^bkaryotic dell, such a 6 a 
bacterial cell ; iritrdlubtibh ^if'^fttt^dbnitttcst- into" the host 
bell bah bfe ef fedtid by c^cliim pftbsphAti trfcxiif taction^ DEAE- 
Dextran mediated trans feet iori, or electroporaition (Davis, L. , 
Dibtief, m; , Battey, I • , Basic Methods in Molecular Biology, 
(1986)). 

The constructs in host cells can be used in a 
conVentibhal mahiier to product the gene prbduct erieoded by 
th£ r^cfcmbin^ Alternatively, the polypeptides of 

the invent ibri bah be synthetically produced by conventional 
peptide synthesizers. 

Mature proteins can be expressed in mammalian cells, 
yeast, bacteria, or other cells uhder the control of 
appropriates promoters . Cell-free translation systems can 
also be employed to produce such proteins using RNAs derived 
from the DNA constructs of the present , invention. 
Appropriate cloning and expression vectors for use with 
prokaryotic arid eukaryotic hosts are described by Sambrook, 
et al., Molecular Cloning: A Laboratory Manual, Second 
Edition, Cold Spring Harbor, N.Y., (1989), the disclosure of 
which is hereby incorporated by reference*. 
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Transcription of the DNA encoding the polypeptides of 
the present invention by higher eukaryotes is increased by 
inserting an enhancer sequence into the vector. Enhancers 
are cis-acting elements of DNA, usually about from 10 to 300 
bp that act on a promoter to increase its transcription. 
Examples including the SV40 enhancer on the late side of the 
replication origin bp 100 to 270, a cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late side of 
the replication origin, and adenovirus enhancers. 

Generally, recombinant expression vectors will include 
origins of replication and selectable markers permitting 
transformation of the host cell, e.g., the ampicillin 
resistance gene of E . coli and S. cerevisiae TRP1 gene, and 
a promoter derived from a highly-expressed gene to direct 
transcription of a downstream structural sequence. Such 
promoters can be derived from operons encoding glycolytic 
enzymes 6uch as 3-phosphoglycerate kinase (PGK), or-f actor, 
acid phosphatase, or heat shock proteins, among others. The 
heterologous structural sequence is assembled in appropriate 
phase with translation initiation and termination sequences, 
and preferably, a leader sequence capable of directing 
secretion of translated protein into the periplasmic space or 
extracellular medium. Optionally, the heterologous sequence 
can encode a fusion protein including an N-terminal 
identification peptide imparting desired characteristics, 
e.g., stabilization or simplified purification of expressed 
recombinant product. 

Useful expression vectors for bacterial use are 
constructed by inserting a structural DNA sequence encoding 
a desired protein together with suitable translation 
initiation and termination signals in operable reading phase 
with a functional promoter. The vector will comprise one or 
more phenotypic selectable markers and an origin of 
replication to ensure maintenance of the vector" and to, if 
desirable, provide amplification within the host. Suitable 
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prokaryotic hosts for transformation include E. coli, 
p^Hi ilufi eubtilis . SfllmPReU^ tYPhimuriWH and various species 
within the generA Pseudomonas , Strfcptoroyces , and 
Staphylococcus, although othefs may also be employed as a 
matter of choice. 

As a representative But: ribniimiting example, useful 
expression vectors for bacterial use Can comprise a 
selectable market and bacterial origin df replication derived 
from commerciaLliy available plaSmidis comprising genetic 
elementi of tife well cibxiihg Vfebtdr pBR322 (ATCC 

ittlfi?' SiiS'if " '' v Sob^^I!^1 ^ed^ifefirri lrtbltid^V fdt' example, 
pKK2i3-3 (Pharmacia Fine Chemicals, Uppsala, Svteden) and GEM1 
{^roni^lfa Bioted> Madi^oh> Wl , USA) . Th6se pfi&322 "backbdfi^" 
sections afe cbmbihed with an appropriate promoter and the 
structural se|iierioef ; tb-'b^' : ex^ess^d^' ' 

' ^ :V '£&ii^ r suitable host itfairi and 

grMh of t^hb^ cell dfeftsi^> the 

selected prbmbter is induced by appropriate means (e.g., 
' ten^iiratiiire- siiiit or chemxbal induction) arid cells are 
cultured for an additional period . 

• : ' Cells' are' 1 "''^^idtoi^^^Sar^iSfe^d by cdtitrif ugation, 
disrulited- ^ ' : £fcyilcf 1 T or cheMcat : =»1Sli^V- v a^"'t*ie resulting 
etude ^ extifS^t retained for fur^et" purification. 

Microbial cfelis employed iri expires sion of proteins can 
be disrupted by any convenient method, including f reeze-thaw 
cyclihg, sbnicatibh, mechanical disruption, or use of cell 
lysing agents, such methods are well know to those skilled in 
the art . ' 

Afcr^ ceil ; culture systems cart also be 

employed to express recombinant protein. Examples of 
mammalian expression systems include the COS-7 lines of 
monkey kidney fibroblasts, described by Gluzman, Cell, 23:175 
(1981), and other cell lines capable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa and 
BfiK cell lines. Mammalian expfressiort vectors will comprise 
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an origin of replication, a suitable promoter and enhancer, 
and also any necessary ribosome binding sites, 
polyadenylation site, splice donor and acceptor sites, 
transcriptional termination sequences, and 5' flanking 
nontranscribed sequences. DNA sequences derived from the 
SV40 splice, and polyadenylation sites may be used to provide 
the required nontranscribed genetic elements. 

The polypeptide of the present invention can be 
recovered and purified from recombinant cell cultures by 
methods including ammonium sulfate or ethanol precipitation, 
acid extraction, anion or cation exchange chromatography, 
phosphocel lulose chromatography , hydrophobic interaction 
chromatography, affinity chromatography, hydroxylapatite 
chromatography and lectin chromatography. Protein refolding 
steps can be used, as necessary, in completing configuration 
of the mature protein. Finally, high performance liquid 
chromatography (HPLC) can be employed for final purification 
steps • ' 

The polypeptides of the present invention may be a 
naturally purified product, or a product of chemical 
synthetic procedures, or produced by recombinant techniques 
from a prokaryotic or eukaryotic host (for example, by 
bacterial, yeast, higher plant, insect and mammalian cells in 
culture). Depending upon the host employed in a recombinant 
production procedure, the polypeptides of the present 
invention may be glycosylated or may be non-glycosylated . 
Polypeptides of the invention may also include an initial 
methionine amino acid residue. 

The TNF receptor of the present invention was assayed 
for the ability to bind TNF-cr and TNF-0, however, the present 
invention also contemplates the ability of the receptor to 
bind other TNF-like proteins. Monoclonal antibodies specific 
to TNF -a and TNF-0 were prepared. These monoclonal 
antibodies were bound to TNF-a and TNF-0 and a control ELISA 
assay was performed to quantify the amount of monoclonal 
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antibody present. The TNF receptor was then bound to TNF-a 
and TNF-0 in the same way in which the monoclonal antibody 
was bound and another EILISA assay was performed. the TNF 
receptor was found to bind to TNF-0 just as strongly as the 
monoclonal antibody, while it only bound TNF -dt two-thirds as 
strongly. 

Fragments of the full leirigth polynucleotide seqeunces of 
the present invention may be used as * hybridization probe 
for a c&NA library to isolite other genes Which have A high 
sequence s'ixiaie^rity ' " to polyhlicl^fiid6 6&#i€shce b£ the 

pjfriS^^ Tfbbes of 

this tfpe geheraiiiy hiVe at le&st 56 bases , although they may 
ha&e W gre&t^r nuniiier of Bases . The probe may also be used 
as markers tc> identify a ct>M clone corresponding to a full 
length tirafiscript rind a genomic:" clone or clones that contain 
ttie conip 1 ete jpblL ynu debt ide s^quenc* of the pfis'erit' invention 
Including r^gfuiatory arid ^promotSr r£^ion§, £xbhs/ and 
introns/ An example of a screen comprises isolating the 
coding region of the gehe of the present ihVention by using 
the known DNA sequence to synthesize an oligonucleotide 
probe. LribSied oligbhuclebtides having a sequence 

cortptSritary r to that of t^e gefne of the $rS4BTit invention 
ate iiseci tb st:te*ri a library of .' human cDNAf genomic DNA or 
nijtNA to d£tfcrmih£ which memfcfefs of the ^ library the probe 
hybridizes to. ■ - ; - " : 

This invention also provides a method ; of screening 
compounds to identify compounds which interact with the 
polypeptide of the present invention which comprises 
contacting' : a mammaliar bell comprisihg : an isolated DNA 
molecule encoding and expressing a the polypeptide of the 
present invention with a plurality of compounds, determining 
those which activate or block the activation of the receptor, 
and thereby identifying compounds which specifically interact 
with, and activate or block the activation of the polypeptide 
of the present invention. 
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This invention also contemplates the use of the 
polynucleotide of the present invention as a diagnostic- For 
example, if a mutation is present, conditions would result 
from a lack of TNF receptor activity. Further, mutations 
which enhance TNF receptor activity would lead to diseases 
associated with an over-expression of the receptor, e.g., 
endotpxic shock. Mutated genes can be detected by comparing 
the sequence of the defective gene with that of a normal one. 
Subsequently one can verify that a mutant gene is associated 
with a disease condition or the susceptibility to a disease 
condition. That is, a mutant gene which leads to the 
underexpression of the TNF receptor would be associated with 
an inability of TNF to inhibit tumor growth. 

Individuals carrying mutations in the polynucleotide of 
the present invention may be detected at the DNA level by a 
variety of techniques. Nucleic acids used for diagnosis may 
be obtained from a patient's cells which include, but are not 
limited' to, blood, urine, saliva and tissue biopsy. The 
genomic DNA may be used directly for detection or may be 
amplified enzymatically by using PCR (Saiki et al., Nature, 
324:163-166.(1986)) prior to analysis. RNA or cDNA may also 
be used for the same purpose. As an example, PCR primers 
complementary to the nucleic acid of the instant invention 
can be used to identify and analyze gene mutations. For 
example, deletions and insertions can be detected by a change 
in the size of the amplified product in comparison to the 
normal genotype. Point mutations can be identified by 
hybridizing amplified DNA to radiolabeled RNA or 
alternatively, radiolabeled TNF receptor antisense DNA 
sequences. Perfectly matched sequences can be distinguished 
from mismatched duplexes by RNase A digestion or by 
differences in melting temperatures. Such a diagnostic would 
be particularly useful for prenatal or even neonatal testing. 

Sequence differences between the reference gene and 
"mutants n may be revealed by the direct DNA sequencing 
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method. In addition, cloned DNA segments may be used as 
probes to detect specific DNA segments. The sensitivity of 
tliis method is greatly enhanced when combined with PCR. For 
example, a sequencing primary used with double stranded PCR 
product or a single stranded template molecule generated by 
a modified PCR product. The sequence determination is 
performed by Conventional procedures with radiolabeled 
tiucieotides or by automatic seqUehcing procedures with 
f luorescent tags . ♦ ' : " - • 

Sequence changes at the sp66if ic locations may be 
revealed by nuclease ^ir6tectidn ! assays, such as RNase and SI 
protection or t.he chemical cleavage method ( for example , 
Cotton et ai., PSAS/ 8514397-4401 (1985)). 

Ttie present invention further relates to a diagnostic 
assay whicih detects ah altered level of a soluble form of the 
^ilypeptide of the; present invention wtteire ah: elevated level 
in a sampler derived f roift a hdst is indicative s df certain 
diseased . Assays available to detect levels of soluble 
redeptbrs ate toell known to those of skill in the art /: for 
e*airiple, radioimmunoassays , competitive-binding assays, 
Western blot analysis, and preferably an ELISA assay may be 
em£lby£d. : 1 :<•'•••'•'• :; ' : - •""<■-' • ' 

Ah ELISA assay initially comprises preparing an antibody 
specif ic tb an antigen to the- polypeptide of ^ the present 
invention, preferably a monoclonal antibody ♦ In addition a 
reporter antibody is prepared against the monoclonal 
antibody. To the reporter antibody is attached a detectable 
reagent such a£ radioactivity, fluorescence or in this 
exampife a horseradish peroxidase - enzyme . A sample is now 
removed from a host and incubated cm a solid support, e.g. a 
polystyrene dish, that binds the proteins in the sample. Any 
free protein binding sites on the dish are then covered by 
incubating* with a non-specific protein such as bovine serum 
albumen. Next, the monoclonal antibody is incubated in the 
dish during which time the monoclonal antibodies attach to 
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any proteins of the present invention which are attached to 
the polystyrene dish* All unbound monoclonal antibody is 
washed out with buffer. The reporter antibody linked to 
horseradish peroxidase is now placed in the dish resulting in 
binding of the reporter antibody to any monoclonal antibody 
bound to the polypeptide of the present invention. 
Unattached reporter antibody is then washed out. Peroxidase 
substrates are then added to the dish and the amount of color 
developed in a given time period is a measurement of the 
amount of the protein of interest present in a given volume 
of patient sample when compared against a standard curve. 

A competition assay may be employed wherein antibodies 
specific to the polypeptides of the present invention are 
attached to a solid support. Labeled INF receptor 
polypeptides, and a sample derived from the host are passed 
over the solid support and the amount of label detected 
attached to the solid support can be correlated to a quantity 
in the 'sample. The soluble form of the receptor may also be 
employed to identify agonists and antagonists. 

A thymocyte proliferation assay may be employed to 
identify both ligands and potential agonists and antagonists 
to the polypeptide of the present invention. For example, 
thymus cells are disaggregated from tissue and grown in 
culture medium. Incorporation of DNA preBCursors such as 3 H- 
thymidine or 5-bromo-2 ' -deoxyuridine (BrdU) is monitored as 
a parameter for DNA synthesis and cellular proliferation. 
Cells which have incorporated BrdU into DNA can be detected 
using a monoclonal antibody against BrdU and measured by an 
enzyme or fluorochrome -conjugated second antibody. The 
reaction is quantitated by fluorimetry or by 
spectrophotometry. Two control wells and an experimental 
well are set up. TOF-0 is added to all wells, while soluble 
receptors of the present invention are added to the 
experimental well. Also added to the experimental well is a 
compound to be screened. The ability of the compound to be 
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screened to inhibit the interaction of TNF-/J with the 
receptor polypeptides of the present invention may then be 
quantified* iri the caisfe of the agonists', thfe ability of the 
compound to enhance this interaction is quantified* 

A determination may bfe made whether a ligand not known 
to be capablfe of binding to th6 polypeptide of the present 
invention can bind thereto comprising contacting a mammalian 
cell comprising ah isolated molecule encoding a polypeptide 
of th& presini invent idn wittr a ligand under .conditions 
peiinitting binding of ligahds known to bind thereto, 
di^tectxn^ ' th^ presehce of any bound ligand, and thereby 
determining Whether sudh ligands bind to a polypeptide of the 
present ihvehtioni Also, a soluble form of the receptpf may 
utilized in the above assay where it i6 secreted in to the 
~ extra-cel lular medium and contacted, with ili^anji? ^o, (J^terjtiine 
which wi4i> bind to^the^ soluble, fo*m^q^ 

i - Other < agonist and : antagonist screening procedures 
involve, providing appropriate cells which ^xpress the 
receptor on the, surface thereof. In particulaj:, a 
polynucleotide encoding a polypeptide of, the present 
■ - invention L is employed to, jtransf ec^ ce^f, ,to . thesrel^y express 
the polypeptide, S\ich t^ans faction may be accomplished by 
procedures as hereinabove desqr ibed . ir 

screening for a receptor antagonist by contacting the ce 1 1 s 
which encode the polypeptide . of the present invention with 
both the receptor ligand and a compound to b? screened, 
inhibition of the signal generated by the ligand indicates 
that , a compound is a pot<sntic^ for the receptor, 

i.e., inhibits .activation o{,..th.p. req^ptor. ^ 

The screening may be employed for determining an agonist 
by contacting such cells .with compounds to be screened and 
determining whether such compounds generate a signal, i.e., 
activates the receptor. 
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Other screening techniques include the use of cells 
which express the polypeptide of the present invention (for 
example, transfected CH0 cells) in a system which measures 
extracellular pH changes caused by receptor activation, for 
example, as described in Science, Volume 246, pages 181-296 
(1989). In another example, potential agonists or 
antagonists may be contacted with a cell which expresses the 
polypeptide of the present invention and a second messenger 
response, e.g., signal transduction may be measured to 
determine whether the potential antagonist or agonist is 
effective . 

Another screening technique involves expressing the 
receptor polypeptide wherein it is linked to phospholipase C 
or D. As representative examples of such cells, there may be 
mentioned endothelial cells, smooth muscle cells, embryonic 
kidney cells and the like. The screening for an antagonist 
or agonist may be accomplished as hereinabove described by 
detecting activation of the receptor or inhibition of 
activation of the receptor from the phospholipase second 
signal . 

Antibodies may be utilized as both an agonist and 
antagonist depending on which part of the polypeptide of the 
present invention the antibody binds to. The antibody in one 
instance can bind to the active site and block ligand access. 
However, it has been observed that monoclonal antibodies 
directed against certain TNF receptors can act as specific 
agonists when binding to the extra-cellular domain of the 
receptor . 

In addition to the antagonists identified above, 
oligonucleotides which bind to the TNF receptor may also act 
as TNF receptor antagonists. Alternatively, a potential TNF 
receptor antagonist may be a soluble form of the TNF receptor 
which contains the complete extra-cellular region of the TNF 
receptor and which binds to ligands to inhibit their 
biological activity. 
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Another potential TNF receptor antagonist is an 
antisense construct prepared using antisense technology. 
Antisense technology 1 can be used to control gene expression 
through triple-helix formation or antisense DNA or RNA, both 
of which methods are based on binding of a polynucleotide to 
DNA or RN/i. fbi example, th6 5' coding portion of the 
polynucleotide sequence , which encodes for the mature 
polypeptides of the present invention/ is used to design an 
antlse^i RNA oligonucleotide of froirrt about 10 to 40 base 
pairs Iti length : A DM oligonucleotide is designed to be 
complementary to a region of the gene involved in 
trans cfiptidii (triple helix -feee Lee et al. , Nucl* Acids 
Res ; , 6:30731 (1979) ;' Cooney et al, Sciehce, 241:456 (1988); 
arici Defvhn et al • , Sdierice, 251: 1366 (1991) ) , thereby 
preventing tr ins cti^t ion iriS the production of TNF receptors • 
' ^«?"i&%Yi^ tb the mRNA in 

; viTO°fcni^ into the TNF 

receptor polypeptide (ahtisense - Gkand, J. N£urdchem. , 
5 6 : ¥60 ( 19^1^ as Ahtisense Inhibitors 

of Gene Expression, CRC Press, Boca Raton, FL (1988))* The 
oligonucleotides described above can also be delivered to 
cells such %hdt the antisense RNA or D^A may be expressed in 
vivo to inhibit' product ibri of Tkf receptors* 

TISf' ficefrtbr ahtagbhistW alio 'include a small molecule 
which Bind6" to and occupies the TNF receptor thereby making 
the receptor ina&cesBibll to ligands which bind thereto such 
that normal biological activity is prevented. Examples of 
small molecules include but are not limited to small peptides 
or peptide-lik^ mdlesculeS. 

the TNF receptor agonists may be employed to stimulate 
ligand activities, such as inhibition of tumor growth and 
necrosis of certain transplantable tumors . The agonists may 
also be employed to stimulate cellular differentiation, for 
example, T-cell, fibroblasts and haemopoietic cell 
differentiation. Agonists to the TNF receptor may also 
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augment TNF'6 role in the host's defense against 
microorganisms and prevent related diseases (infections such 
as that from L. monocytogenes) and chlamidiae. The agonists 
may also be employed to protect against the deleterious 
effects of ionizing radiation produced during a course of 
radiotherapy, such as denaturation of enzymes, lipid 
peroxidation, and DNA damage. 

The agonists may also be employed to mediate an anti- 
viral response, to regulate growth, to mediate the immune 
response and to treat immunodeficiencies related to diseases 
such as HIV. 

Antagonists to the TNF receptor may be employed to treat 
autoimmune diseases, for example, graft versus host rejection 
and allograft rejection, and T-cell mediated autoimmune 
diseases such as AIDS. It has been shown that T-cell 
proliferation is stimulated via a type 2 TNF receptor. 
Accordingly, antagonizing the receptor may prevent the 
proliferation of T-cells and treat T-cell mediated autoimmune 
diseases. 

The antagonists may also be employed to prevent 
apoptosis, which is the basis for diseases such as viral 
infection, rheumatoid arthritis, systemic lupus 
erythematosus, insulin-dependent diabetes mellitus, and graft 
rejection. Similarly, the antagonists may be employed to 
prevent cytotoxicity. 

The antagonists to the TNF receptor may also be employed 
to treat B cell cancers which are stimulated by TNF. 

Antagonists to the TNF receptor may also be employed to 
treat and/or prevent septic shock, which remains a critical 
clinical condition. Septic shock results from an exaggerated 
host response, mediated by protein factors such as TNF and 
IL-1, rather than from a pathogen directly. For example, 
lipopolysaccharides have been shown to elicit the release of 
TNF leading to a strong and transient increase of its serum 
concentration. TNF causes shock and tissue injury when 
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administered in excessive amounts. Accordingly, antagonists 
to the TNF receptor will block the actions of TNF and 
treat/preVent efeptib shodk. These arttaigbhists may also be 
employed to treat meningococcemia in children which 
correlates with high serum levels of TNF*. 

Among bther disorders Which may treated by the 

antagonists to TNF receptors, there are included, 
inflammation which is mediated by TNF receptor ligahds, and 
tlie" bacteriki ifiiections cachexia and cerebral malaria . Ohe 
TNF" recepttir iritagbhists may ■also be employed to treat 
inflammation mediated by ligands to the receptor such 5 as TNF. 

The sbliible TNF receptor arid agonists arid antagonists 
may be emplbyed iri combination With a suitable pharmaceutical 
carrier^. * Sixth compositions coittprise a therapeutically 
effective amount of the soluble receptor 6t agonist or 
ihtagbnistV and a' phabawuti^lly acceptable carrier or 
exbiplent. iSiiBh a dfirffer i&cludfes * iS not^ limited to 
saline, ^buffered saline, dextrose, water, glycerol/ ethanol, 
and combinations thereof. The formulation should suit the 
mode of administration. 

The invention also provides a pharmaceutical pack or kit 
bbmpr i s iri£ ohe or more containers filled With one or more of 
th£ ingredients of <th'fe ^hanhadfeutiicial compositions of the 
iriveritidn; Assbciatfed with such -container < s can be a notice 
in the form prescribed by a governmental agency regulating 
the manufacture, vise of sale bf pharmaceuticals or biological 
products, Which notice reflects approval by the agency of 
manufacture, use or sale for human administration • In 
Addition, the'iolubl^ form of the receptor and agonists and 
antagbriists of the present invention may also be employed in 
conjunction with other therapeutic compounds . 

The pharmaceutical compositions may be administered in 
a convenient manner 6Uch as by the oral, topical, 
intravenous, intraperitoneal, intramuscular, subcutaneous, 
intranasal or intradermal routes. The pharmaceutical 
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compositions are administered in an amount which is effective 
for treating and/or prophylaxis of the specific indication. 
In general, they are administered in an amount of at least 
about 10 ftg/kg body weight and in most cases they will be 
administered in an amount not in excess of about 8 mg/Kg body 
weight per day. In most cases , the dosage is from about 10 
/ig/kg to about 1 mg/kg body weight daily, taking into account 
the routes of administration, symptoms, etc. 

The TNF receptor and agonists and antagonists which are 
polypeptides may also be employed in accordance with the 
present invention by expression of such polypeptides in vivo, 
which is often referred to as "gene therapy." 

Thus, for example, cells from a patient may be 
engineered with a polynucleotide (DNA or RNA) encoding a 
polypeptide ex vivo, with the engineered cells then being 
provided to a patient to be treated with the polypeptide. 
Such methods are well-known in the art. For example, cells 
may be engineered by procedures known in the art by use of a 
retroviral particle containing RNA encoding a polypeptide of 
the present invention. 

Similarly, cells may be engineered in vivo for 
expression of a polypeptide in vivo by, for example, 
procedures known in the art. As known in the art, a producer 
cell for producing a retroviral particle containing RNA 
encoding the polypeptide of the present invention may be 
administered to a patient for engineering cells in vivo and 
expression of the polypeptide in vivo. TheBe and other 
methods for administering a polypeptide of the present 
invention by such method should be apparent to those skilled 
in the art from the teachings of the present invention. For 
example, the expression vehicle for engineering cells may be 
other than a retrovirus, for example, an adenovirus which may 
be used to engineer cells in vivo after combination with a 
suitable delivery vehicle. 
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The sequences of the present invention are also valuable 
for chromosome identification. The sequence i6 specifically 
targeted to irid ' can hybridize with a particular Ideation on 
an individual human chromosome. Moreover, there is a current 
neeci for identifying particular sites on th£ chrdmosome. Few 
chromosditie marking" reagents based on actual sequence data 
(repeat polymorphisms) are presently available for marking 
chromosomal location; tfKe mapping of DNAs to chromosomes 
accbrdihg to the present invention is ah import artt first step 
in correlating thbse Beqtiences : with genes associated with 
'disease.' ' ' • "' ' ■ :> - ?: ;r ' : ' 1j ^ " : "' u : 

Briefly, sequences can be mapped to chromosomes by 
pre^arin^ PCjEt primeriS (preferably 15^25 bp) from the cDNA. 
C6m£tit£^ analysis of the 3' untranslated region is used to 
rapidly select primers that dd hot span more t hah one exoh in 
the genomic DitfA, thus : co^i^atihg the "m^ 
Thbse fj^xiWers ar^ thefi uieif for -pGW^tf^ 

hybrids #cbntairiihg individual human chromosomes. Only those 
' h^i:i<!ifc r fco^ to the primer 

will yield an amplified fragment. 

: PGR mapping of somatic cell hybrids is a rapid procedure 
assigning a particular DHA «6 S jbarticular, chromosome. 
Using the pfes'ent invention with thV same oligonucleotide 
primers, sublocalization can be achieved with panels of 
f raiments ffbiri specif ic chromosomes or pddls of large genomic 
'dlbftea iri ah ahaldgbufi inariner . Other ihapping strategies that 
can similarly be used to map to its chromosome include in 
situ hybridisation; prescreening with labeled flow-sorted 
chromosome^ and ^rdiel^ectidn by hybridization to construct 
chromosomfe specif id-cDNA libraries i 

Fluorescence in situ hybridization (FISH) of a cDNA 
clone to a metaphase chromosomal spread can be used to 
provide a precise chromosomal location in one step. This 
technique can be used with cDNA as short as 500 or 600 bases; 
however, clones larger than 2,000 bp have a higher likelihood 



-28- 



WO 96/28546 



PCT/US95703216 



of binding to a unique chromosomal location with sufficient 
signal intensity for simple detection. For example, 2,000 bp 
is good, 4,000 is better, and more than 4,000 is probably not 
necessary to get good results a reasonable percentage of the 
time. For a review of this technique, see Verma et al . , 
Human Chromosomes: a Manual of BaBic Techniques, Pergamon 
Press, New York (1988), 

Once a sequence has been mapped to a precise chromosomal 
location, the physical position of the sequence on the 
chromosome can be correlated with genetic map data. Such 
data are found, for example, in V. McKusick, Mendelian 
Inheritance in Man (available on line through Johns Hopkins 
University Welch Medical Library). The relationship between 
genes and diseases that have been mapped to the same 
chromosomal region are then identified through linkage 
analysis ( coinheritance of physically adjacent genes). 

Next, it is necessary to determine the differences in 
the cDNA or genomic sequence between affected and unaffected 
individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then 
the mutation is likely to be the causative agent of the 
disease. 

With current resolution of physical mapping and genetic 
mapping techniques, a cDNA precisely localized to a 
chromosomal region associated with the disease could be one 
of between 50 and 500 potential causative genes. (This 
assumes 1 megabase mapping resolution and one gene per 20 
kb) . 

The polypeptides, their fragments or other derivatives, 
or analogs thereof, or cells expressing them can be used as 
an immunogen to produce antibodies thereto. These antibodies 
can be, for example, polyclonal or monoclonal antibodies. 
The present invention also includes chimeric, single chain, 
and humanized antibodies, as well as Fab fragments, or the 
product of an Fab expression library. Various procedures 
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known in the art may be used for the production of such 
antibodies and fragments. 

Antibodies generated against the polypeptides 
corresponding to a sequence of the present invention can be 
obtained by direct injection of the polypeptides into an 
' ifrimal or by administering the pblypept ides to an animal/ 
preferably a nonhuman. The antibody so obtained will then 
bind the polypeptides itself ^ In this manner, even a 
sequence 7 ^hcodingF only a fragment of the polypeptides can be 
Used to generate Antibodies bifiditig the whole native 
polypeptide^ » Stich antibodies fcah tHeri be used to isolate 
the polypeptide from tissues expires sing that polypeptide. 

4 Ftit preparation' of monoclonal antibodies/ any technique 
Which provide is antibodies produced by continuous : cell l ine 
cultures caii beP used. Examples include the hybridoma 
techhiqW (Kohl^t and Mil6t^ffi> 1975 / -NktUrfe; 256 : 495M9.7) , 
ttifc tricimai tedhrliqufe/ th^ human B-cell hybridoma technique 
< Kbzbor >et al . , 1983, Immunology Today 4:72), and the EBV- 
hybridoma tdfchhique to prbduce human monoclonal antibodies 
(Ciole/ et al. , 1985 , in Monoclonal Antibodies and Cancer 
Therapy ; Alari R . « LiSs , Ihc . , v pp.;- 77^96) . . ; , ; 

Techniques described for the production of single chain 
antibodies (0 . Si Patent 4,946, 778 ) can be adapted to produce 
single chain antibodies to immunogenic polypeptide 
of this invention. : Alfeo, transgenic mice may be used to 
express humanized antibodies to; immunogenic polypeptide 
products of thisi invention. 

The present invention will be further described with 
reference to the following examples; however, it is to be 
understood that the present invention is not limited to such 
examples. All parts or amounts, unless otherwise specified, 
are by weight. 

In order to facilitate understanding of the following 
examples certain frequently occurring methods and/or terms 
Will be de&cribed. 
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"Plasmids" are designated by a lower case p preceded 
and/or followed by capital letters and/or numbers. The 
starting plasmids herein are either commercially available, 
publicly available on an unrestricted basis, or can be 
constructed from available plasmids in accord with published 
procedures. In addition, equivalent plasmids to those 
described are known in the art and will be apparent to the 
ordinarily skilled artisan. 

"Digestion" of DNA refers to catalytic cleavage of the 
DNA with a restriction enzyme that acts only at certain 
sequences in the DNA. The various restriction enzymes used 
herein are commercially available and their reaction 
conditions, cof actors and other requirements were used as 
would be known to the ordinarily skilled artisan. For 
analytical purposes, typically 1 jig of plasmid or DNA 
fragment is used with about 2 units of enzyme in about 20 pi 
of buffer solution. For the purpose of isolating DNA 
fragments for plasmid construction, typically 5 to 50 pg of 
DNA are digested with 20 to 250 units of enzyme in a larger 
volume. Appropriate buffers and substrate amounts for 
particular restriction enzymes are specified by the 
manufacturer. Incubation times of about 1 hour at 37 "C are 
ordinarily used, but may vary in accordance with the 
supplier's instructions. After digestion the reaction is 
electrophoresed directly on a polyacrylamide gel to isolate 
the desired fragment. 

Size separation of the cleaved fragments is performed 
using 8 percent polyacrylamide gel described by Goeddel, D. 
et al., Nucleic Acids Res., 8:4057 (I960). 

"Oligonucleotides" refers to either a single stranded 
polydeoxynucleotide or two complementary polydeoxynucleotide 
strands which may be chemically synthesized. Such synthetic 
oligonucleotides have no 5' phosphate and thus will not 
ligate to another oligonucleotide without adding a phosphate 
with an ATP in the presence of a kinase. A synthetic 
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oligonucleotide will ligate to a fragment that has not been 
dephosphorylated . 

-ligation" refers to the process of forming 
phosphodieBtef bonds between two double stranded nucleic acid 
fragments (Maniatis, T. , et al., Id., p. 146). Unless 
otherwise provided; ligation may be accomplished using known 
bu-Efers arid conditions with 10 units of T4 DNA ligase 
( -ligase") per 0.5 pq of approximately equimolar amounts of 
the DNA" fragments to Be ligated . - 

Unless otherwise stated j transformation was performed as 
described in the method Of Graham, and : Van der Eb, A. , 
Virology, 52:456-457 (1973). >'• 

*»c*.**tkl ^reBsibn and Purification of the INF receptor 

The DNA sequence encoding TNF' receptory ATCd # 758 99 , is 
initial iy amplified using PCfc •oligonucleotide primers 
corresponding to the 5 ' and 3 ' eritf sequenced of the processed 
TNF receptor nueieic acid sequence (minus the signal peptide 
sequence) . Additional nucleotides ' corresponding to TNF 
receptor gene are added to the 5 • and 3 ' end sequences 
respectively^ The 5 'Oligonucleotide primer has the sequence 
5 ' GCC AGAO^TCdGAA^CGTTTCCTCCAAAGTAe 3 « (SEQ ID No; , 3) 
contains a BamHI restriction' enzyme site (bold) followed by 
21 nucleotides of TNF 'receptor coding sequence starting. from 
the presumed initiation codon. ; The 3 sequence 5 ' 
CGGCTTCTAOAATTACCTATCATTTCTAAAAAT 3' (SEQ ID No. 4) contains 
complementary iiquences to a Hind III site (bold) and is 
followed by 18* nucleotides Of TNF receptor. The. restriction 
enzyme sites corre'spond tb the restriction enzyme sites on 
the bacterial expression vector pQE-9 (Qiagen, Inc. 
Chatsworth, CA). pQE-9 encodes antibiotic resistance (Amp'), 
a bacterial origin of replication (ori), an iPTG-regulatable 
promoter operator (P/O), a ribosome binding site (RBS), a 6- 
His tag and restriction enzyme sites. pQE-9 is then digested 
with BamHI and Xbal. The amplified sequences are ligated 
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into pQE-9 and are inserted in frame with the sequence 
encoding for the histidine tag and the RBS. The ligation 
mixture is then used to transform E. coli strain M15/rep 4 
(Qiagen, Inc.) by the procedure described in Sambrook, J. et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring 
Laboratory Press, (1989). M15/rep4 contains multiple copies 
of the plasmid pREP4 , which expresses the lad repressor and 
also confers kanamycin resistance (Kan r ). Transf ormants are 
identified by their ability to grow on LB plates and 
ampicillin/kanamycin resistant colonies are selected. 
Plasmid DMA is isolated and confirmed by restriction 
analysis. Clones containing the desired constructs are grown 
overnight (O/N) in liquid culture in LB media supplemented 
with both Amp (100 ug/ml) and Kan (25 ug/ml). The 0/N 
culture is used to inoculate a large culture at a ratio of 
1:100 to 1:250. The cells are grown to an optical density 
600 (O.D. 600 ) of between 0.4 and 0.6. IPTG ( M Isopropyl-B-D- 
thiogalccto pyranoside" ) is then added to a final 
concentration of 1 mM. IPTG induces by inactivating the lac I 
repressor, clearing the P/0 leading to increased gene 
expression. Cells are grown an extra 3 to 4 hours. Cells 
are then harvested by centrif ugation. The cell pellet is 
solubilized in the chaotropic agent 6 Molar Guanidine HCl. 
After clarification, solubilized TNF receptor is purified 
from this solution by chromatography on a Nickel-Chelate 
column under conditions that allow for tight binding by 
proteins containing the 6-His tag (Hochuli, E. et al., J. 
Chromatography 411:177-184 (1984)). TNF receptor (90% pure) 
is eluted from the column in 6 molar guanidine HCl pH 5.0 and 
for the purpose of renaturation adjusted to 3 molar guanidine 
HCl, lOOmM sodium phosphate, 10 mmolar glutathione (reduced) 
and 2 mmolar glutathione (oxidized). After incubation in 
this solution for 12 hours the protein is dialyzed to 10 
mmolar sodium phosphate. 
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Examnle 2 

(;l ptiina « nri «»vpretiBion of tnf receptor and extrAce i iular 

/fenlliblel fWff rec e ntor uelnd the baculovirttS expression 
ey fit em 

The DNA sequence encoding the full length TNF receptor 
protein, ATCC #75899, was amplified using PCR 
oligonucleotide primers corresponding to the; 5' and 3' 
sequences of the gene.* The 5' primer has the sequence 5' 
GCGC06JMPCCAIQAACAAGTT0CTGTGCTGC 3 ' (SEQ ID No. 5) and 
contains a BamHI restriction enzyme site (in bold) and which 
is just behind the first 21' nucleotides of the TNF receptor 
gene (the initiation codon for translation "ATG" is 
underlined) ; >' •• • 

The 3' primer has the sequence 5 ' GCGCTCTAGATTA 
CeTATCATTTCTAAAAATAAC ; 3 ' . ... (SEQ . ID No. 6) and 5' 
GCGCGGTACCTCAGTGGTTTGGGGTCCTCCC 3 ' (SEQ ID No. 7) and 
contains the cleavage site for the. restriction ehdonuclease 
Xbai and 21 nucleotides complementary to the 3' non- 
translated sequence of the TNF. receptor gene. The amplified 
sequences were isolated from a 1% agarose gel using a 
commercially available^kit- ( "Geneclean";,, BIO 101 Inc. , La 
Jol>Ia,v CeN).. The f ragments were then, digested ., with the 
endonucleases BamHI and Xbai and then purified again on a 1% 
agarose gel. This fragment, is designated ,F2... K > . ' f 

The vector pRGl ..(modification of pVL94l vector, 
discussed below) was used for the expression of the TNF 
receptor proteins using, the baculovirus expression Bystem 
(for review see: Summers, M.D . and Smith, G.E. 1987, A manual 
of methods for baculovirus vectors and insect cell culture 
procedures, Texas Agricultural Experimental Station Bulletin 
No. 1555). This expression, vector contains, the strong 
polyhedrin promoter of the Autographs calif ornica nuclear 
polyhedrosis virus (AcMNPV) followed by the recognition sites 
for the restriction endonucleases BamHI and Xbai. The 
polyadenylation site of the simian virus (SV)40 was used for 
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efficient polyadenylation. For an easy selection of 
recombinant viruses the beta-galactosidase gene from E.coli 
was inserted in the same orientation as the polyhedrin 
promoter followed by the polyadenylation signal of the 
polyhedrin gene* The polyhedrin sequences were flanked at 
both sides by viral sequences for the cell-mediated 
homologous recombination of cotransf ected wild-type viral 
DNA. Many other baculovirus vectors could be used in place 
of pRGl such as pAc373, pVL941 and pAcIMl (Luckow, V.A. and 
Summers, M.D., Virology, 170:31-39). 

The plasmid was digested with the restriction enzymes 
BamHI and Xbal . The DNA was then isolated from a 1% agarose 
gel using the commercially available kit ("Geneclean" BIO 101 
Inc., La Jolla, Ca.). This vector DNA is designated V2. 

Fragment F2 and the dephosphorylated plasmid V2 were 
ligated with T4 DNA ligase. E. coli HB101 cells were then 
transformed and cells identified that contained the plasmid 
(pBac TNF receptor) with the TNF receptor genes using the 
enzymes BamHI and Xbal. The sequence of the cloned fragment 
was confirmed by DNA sequencing. 

5 }jg of the plasmid pBac TNF receptor was cotransf ected 
with 1.0 jjg of a commercially available linearized 
baculovirus ( ,, BaculoGol(^ ,, baculovirus DNA", Pharmingen, San 
Diego, CA. ) using the lipofection method (Feigner et al. 
Proc. Natl. Acad. Sci. USA, 84:7413-7417 (1987)). 

ljjg of BaculoGold™ virus DNA and 5 jug of the plasmid 
pBac TNF receptors were mixed in a sterile well of a 
microtiter plate containing 50 jjI of serum free Grace's 
medium (Life Technologies Inc., Gaithersburg, MD) . 
Afterwards 10 pi Lipofectin plus 90 fil Grace's medium were 
added, mixed and incubated for 15 minutes at room 
temperature. Then the transfection mixture was added 
dropwise to the Sf9 insect cells (ATCC CRL 1711) seeded in a 
35 mm tissue culture plate with 1ml Grace' medium without 
serum. The plate was rocked back and forth to mix the newly 
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added solution. The plate was then incubated for 5 hours at 
27°C. After 5 hours the transf action solution was removed 
from the plate arid 1 ml of Grace's insect mediurt supplemented 
with 10% fetal calf serum was added. The plate was put back 
into an incubator and Cultivation continued at 27 °C for four 
days. 

After four days the supernatant was collected and a 
plaque assay performed similar as described by Summers and 
Smith ( 6ii$re) As a modification an agarose gel: with " Blue 
Gal'* (Life Technologies Inc . , GaitherslSutg) was used which 
alfoWs itt" easy" isolation: of blue stained plaques . (A 
de€axl§d desttiptibh of a ^plaque assay" can also be found in 
th^ user's qtide for insedt c6 1 1 dulture and baculdvirolbgy 
distribirtfeci by Life Technologies inc. , Gaithersburg, page 9- 

" '"-Four ; days af €er €Se serial' dxlutidii> the' viruses: were 
added td thf ceflfe and; blue fctaineft plaqiies -wer^ picked with 
the tip' of ah Eppeftdbrf pipette . The! agar containing the 
t^coittbiiilrit viHises WiirS 1 then ; resusj>exiided in Mi' Eppehddrf 
tube containing 200 jjI of Grade's mfe&iuiru The Agar was 
'rembV^^- By a birifef^ce^ supernatant 
c6htaihing *±ti£ fec6mbxn«rtit B^ieiiliiviruse^ was- used to -inf ect 
Sf 9 ? 'dWlls c seeded" in 3S nmi dished ; : Fdu*' days later the 
superhUtdhtiB of these culture : dishes werd harveis ted and then 

stored at 4 6 t. 

Sf 9 cells were grown in Grace # s medium supplemented with 

10% heat-ihactivated FBS . The cells were infected with the 

r^binbiriaht bkculovirus V-TNF receptor at a multiplicity of 

• inf edtlW^ 'of 2. Six hoUf 6 late* the mediuin was removed 

and replaced with S#900 II ihddium minus methionine and 

cysteine (Life Technologies Inc . , Gaithersburg) . 42 hours 

later 5 yCi of 35 S-niethi6ftihe and S pCi 35 S cysteine (Amersham) 

were ddded. The cells are further incubated for 16 hours 

before they are harvested by centrifugatiott and the labelled 

proteins visualized by SOS-PAGE end autoradiography. 
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Example 3 

Expression of Recombinant TNF receptor in COS cells 

The expression of plasmid, TNF receptor HA is derived 
from a vector pcDNAI/Amp (Invitrogen) containing: 1) SV40 
origin of replication, 2) axnpicillin resistance gene, 3) 
E.coli replication origin, 4) CMV promoter followed by a 
polylinker region, a SV40 intron and polyadenylation site. 
A DNA fragment encoding the entire TNF receptor precursor and 
a HA tag fused in frame to its 3 r end is cloned into the 
polylinker regipn of the vector, therefore, the recombinant 
protein expression is directed under the CMV promoter. The 
HA tag correspond to an epitope derived from the influenza 
hemagglutinin protein as previously described (I. Wilson, H. 
Niman, R. Heighten, A Cherenson, M. Connolly, and R. Lerner, 
1984, Cell 37, 767). The infusion of HA tag to the target 
protein allows easy detection of the recombinant protein with 
an antibody that recognizes the HA epitope. 

The plasmid construction strategy is described as 
follows: 

The DNA sequence encoding TNF receptor, ATCC # 75899, is 
constructed by PCR using two primers: the 5 r primer 5' 
GCCAGAGGATCCGCCACCATGAACAAGTTGCTGTGCTGC 3' ( SEQ ID No. 8) 
contains a BamHI site (bold) followed by 21 nucleotides of 
TNF receptor coding sequence starting from the initiation 
codon; the 3' sequence 5' CGGCTTCTAOAATCAAGCGTAGTCTGGGACG 
TCGTATGGGTACCTATCATTTCTAAAAAT 3 '(SEQ ID No. 9) contains 
complementary sequences to an Xbal site (bold), translation 
stop codon, HA tag and the last 18 nucleotides of the TNF 
receptor coding sequence (not including the stop codon). 
Therefore, the PCR product contains a BamHI site, TNF 
receptor coding sequence followed by HA tag fused in frame, 
a translation termination stop codon next to the HA tag, and 
an Xbal site. The PCR amplified DNA fragment and the vector, 
pcDNAI/Amp, are digested with BamHI and Xbal restriction 
enzymes and ligated. The ligation mixture is transformed into 
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E. coli strain SURE (Stratagehe Cloning Systems, La Jolla, 
CA) the transformed culture is plated on ampicillin media 
plates and resistant colonies are selected. ! Plasmid DNA is 
isolated from transformants and examined by restriction 
analysis for the presence of the correct fragment. For 
expression of the recombinant TNF receptor; COS cells are 
transf acted with the expression vector by DEAE— DEXTRAN method 
(J. Sambrbok, ti. Pritsch, T. Maniatis, Molecular Cloning: A 
■La^fa : 't ! b"rV i ''^tt*l>V' ^ol^ Spring Laboratory Pressi, (1969 )) . 
The "expression of the '^TNF receptor HA protein is detected' by 
• f adiSf ii:hg ;> ^lmm\ln^r^c f liitati6h ' me'thoa 1 "(f r Harldwv. 0 . 
Lane; Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, (1988)) . Cells are labelled for 8 hours 
with 3S S-cysteine two days post transection. Culture media 
are then dollecte'cl and celiW are lysed with detergent (RtPA 
bluffer (150 irik Nlci, 1* NP^O, ; 0. f ii S'&S-/-1* SP-46, 0.5%. DOC, 
50mM Tris, pH 7 .5) (Wilson, I. : et al. , Id:' 37 :76f ^ (1984) ) . 
Both ceil lysate and culture media are precipitated with a HA 
specific monoclonal antibody. Proteins precipitated are 
analyzed Oh 15% SDS-PAGE gels. 

Numerous modif icatibhs "and variations : of the present 
' invention are pbssibt^ In light of Hhe f abbve^elfchtftgs and, 
therefore, within the' ; scope' Of *' the' ^appe'fide'a" claims, the 
invention may be practiced otherwise' than as particularly 
"•'de's brlb'edv' ' - 
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SEQUENCE LISTING 



(1) 



GENERAL INFORMATION: 



(i) 



APPLICANT: GREENE , ET AL. 



(ii> 



TITLE OF INVENTION: 



Human Tumor Necrosis Factor 



Receptor 



(iii) 



NUMBER OF SEQUENCES: 



9 



(iv) 



CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: CARELLA, BYRNE, BAIN, GILFILLAN, 

CECCHI, STEWART & OLSTEIN 

(B) STREET: 6 BECKER FARM ROAD 

(C) CITY: ROSELAND 

(D) STATE: NEW JERSEY 

(E) COUNTRY: USA 

(F) ZIP: 07068 



(V) 



COMPUTER READABLE FORM: 



(A) MEDIUM TYPE: 3.5 INCH DISKETTE 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS 

(D) SOFTWARE: WORD PERFECT 5.1 



(vi) 



CURRENT APPLICATION DATA: 



(A) APPLICATION NUMBER: 

(B) FILING DATE: Concurrently 

(C) CLASSIFICATION: 



(vii) 



PRIOR APPLICATION DATA 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
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(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: FERRARO, GREGORY D. 

(B) REGISTRATION NUMBER: 36,134 

(C) REFERENCE /DOCKET NUMBER: 325800-266 

(ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: 201-994-1700 

(B) TELEFAX: 201-994-1744 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: ' 1173 BASE PAIRS 
(By TYPE: NUCLEIC AClD ' 

(C) STRANDEDNESS : SIliGLE ^ 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

ATGAACAAGT TGCTGTGCTG CGCGCTCGTG iTTCTGGACA TCTCCRTTKA GTGGACCACC 60 

CAOGAAACGT TTCCTCCAAA GTACCTTCAT TATOACGAAG AAACCjCTCA TCA6CTGTTG 120 

TGTGACAAAT GTCCTCCTGG TACCTACCTJy . AAACAACJAC^ Q7^0(^,OTGaiAGkCC 180 

GTGTGCGCCC CTTGCCCTGA CCACTACTf C ACAGACAGCt GGCACACCAG TGACGAGTGT 240 

CTATACTCCA CCCCCGTGTG CAAGGAGCTG CAGTACCTCA AGCAGOAGTG CAATCGCACC 300 

CACAACCGCG TGTGCGAATG CAAGGAAGGG CGCTACCTTG AGATAGAGTT CTGCTTGAAA 360 

CATAGGAGCT GCCCTCCTGG ATTTGGAGTG GTGCAAOCTG GAACCGCAGA GCGAAATACA 420 

GTTTGCAAAA GATGTCCAGA TGGGTTCTTC TCAAATGAGA, CG^CATCTAA AGCACCCTGT 480 

AGAAAACACA CAAATTGCAG TOtCO^ rTO^^U^ < ??®^f^T* M ^* ACA 54 ° 

CACGACAACA TATGTTCCGG AAACAGTGAA ' TCAACTCAAA AATGTGGAAT AGATGTTACC 600 

CTGTGTGAGG AGGCATTCTT CAOOTTTOCT GTTCCtAdAA ' *AAC*GGCTT 660 

AGTGTCTTGG TAGACAATTT GCCTGGCACC AAAGTAAACG CAGAGAGTGT AGAGAGGATA 720 

AAACGGCAAC ACAGCTCACA AGAACAGACT TTCCAGCTGC TOAACTTATG GAAACATCAA 780 

AACAAAGACC AAGATATACT CAAGAAGATC ATCCAAGATA TTGACCTCTG TGAAAACAGC 840 

GTGCAGCGGC ACATTGGACA TGCTAACCTC ACCTTCGAGC AGCTTCGTAG CTTGATGGAA 900 

AGCTTACCGG GAAAGAAAGT GGGACCAGAA GACATTGAAA AAACAATAAA GGCATGCAAA 960 

CCCAGTGACC AGATCCTGAA GCTGCTCAGT TTGTGGCGAA TAAAAAATGG CGACCAAGAC 1020 
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ACCTTGAAGC GCCTAATGCA CGCACTAAAG CACTCAAAGA CGTACCACTT TCCCACAAAC 10B0 
TGTCACTCAG AGTCTAAAGA AGACCATCAG GTTCCTTCAC AGCTTCACAA TGTACAAATT 1X40 
GTATCAGAAG TTATTTTTAG AAATGATAGG TAA 1173 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 390 AMINO ACIDS 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PROTEIN 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Asn Lys Leu Leu Cys Cys Ala Leu Val Phe Leu Asp lie Ser 
-20 -15 -10 

lie Lys Trp Thr Thr Gin Glu Thr Phe Pro Pro Lys Tyr Leu His 
-5 1 5 

Tyr Asp Glu Glu Thr Ser His Gin Leu Leu Cys Asp Lys Cys Pro 
10 15 20 

Pro Gly Thr Tyr Leu Lys Gin His Cys Thr Ala Lys Trp Lys Thr 

25 30 35 

Val Cys Ala Pro Cys Pro Asp His Tyr Tyr Thr Asp Ser Trp His 

40 45 50 

Thr Ser Asp Glu Cys Leu Tyr Cys Ser Pro Val Cys Lys Glu Leu 

55 60 65 

Gin Tyr Val Lys Gin Glu Cy6 Asn Arg Thr His Asn Arg Val Cys 

70 75 80 

Glu Cys Lys Glu Gly Arg Tyr Leu Glu He Glu Phe Cys Leu Lys 

85 90 95 

His Arg Ser Cys Pro Pro Gly Phe Gly Val Val Gin Ala Gly Thr 
100 105 110 

Pro Glu Arg Asn Thr Val Cys Lys Arg Cys Pro Asp Gly Phe Phe 
115 120 125 
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Ser Asn Glu Thr Ser Ser Lys Ala Pro CyB Arg Lys His Thr Asn 

130 135 140 

Cye Ser Val Phe Gly Leu Leu Leu Thr Gin Lye Gly Asn Ala Thr 

145 150 155 

His Asp Asn He Cys Ser Gly Asn Ser Glu Ser Thr Gin Lys Cys 

160 165 170 

Gly He Asp Val Thr Leu Cys Glu Glu Ala Phe Phe Arg Phe Ala 

175 180 185 

Val Pro Thr Lys Phe Thr Pro Asn Trp Leu Ser Val Leu Val Asp 

190 195 200 

Asn Leu Pro Gly Thr Lys Val Asn Ala Glu Ser Val Glu Arg He 

205 210 215 

Lys Arg Gin His Ser Ser Gin, Glu Gin Thr Phe Gin Leu Leu Lys 

220 225 230 

Leu Trp.Lys His Gin Asn Lys, Asp Gin Asp lie Val Lys Lys lie 

235 ' '.' ' 240 ' 245 

He Gin Asp lie Asp Leu Cys Glu Asn Ser Val Gin Arg His He 

250 . 255 260 

Gly His Ala Asn Leu Thr Phe Glu Gin Leu Arg Ser Leu Met Glu 

265 270 275 

Ser. Leu. Pro Gly LyB Lys Val. Gly Ala Glu Asp He Glu Lys Thr 

280 ' " 285 " 290 ' 

He, Lys Ala Cys Lys Pro Ser Asp Gin He Leu Lys Leu Leu Ser 

295 300 305 

Leu Trp Arg lie Lys Asn Gly Asp Gin Asp Thr Leu Lys Gly Leu 

310 315 320 

Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe Pro Thr Asn 

325 330 335 

Cys His Ser Glu Ser Lys Glu Asp His Gin Val Pro Ser Gin Leu 

340 345 350 

His Asn Val Gin He Val Ser Glu Val He Phe Arg Asn Asp Arg 

355 360 365 

(2) INFORMATION FOR SEQ ID NO: 3: 
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(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 33 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GCCAGAGGAT CCGAAACGTT TCCTCCAAAG TAC 33 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 33 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

CGGCTTCTAG AATTACCTAT CATTTCTAAA AAT 33 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 31 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GCGCGGATCC ATGAACAAGT TGCTGTGdTG C 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 34 BASE PAIRS 

(B) TYPE: NUCLEIC htlV 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: LiNEAR 

(ii) MOLECULE TYPE: Oligonucleotide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID kdffel 

GCGCTCTAGA TTACCTATCA TTTCTAAAAA TAAt 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 31 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY : LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ If) n6s ( 7: 

GCGCGGTACC TCAGTGGTTT GGGCTCCTCC C 
(2) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS 
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(A) LENGTH: 39 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GCCAGAGGAT CCGCCACCAT GAACAAGTTG CTGTGCTGC 39 

(2 ) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 60 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: Oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CGGCTTCTAG AATCAAGCGT AGTCTGGGAC GTCGTATGGG TACCTATCAT TTCTAAAAAT 61 
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WHAT IS CLAIMED IS: 

1. An isolated polynucleotide selected from the 
group consisting of : 

(a) a polynucleotide ericoding the polypeptide 
having the deduced amino acid sequence of SEQ ID No* 2 or a 
fragment/ analog or derivative of said polypeptide; 

(b) a polynucleotide encoding the polypeptide 
having the amino acid sequence encoded by the cDNA 
contained in ATCC Deposit No, 75899 or a fragment, analog 
or derivative of said £oiy]peptid6 . 

2. The polynucleotide of Claim 1 wherein the 
polynucleotide is DNA. 

3. The polynucleotide of Claim 1 wherein the 
polynucleotide is RNA. * 

4. The polynucleotide' of Cliiim 1 wherein the 
polynucleotide is genomic DNA. 

5. The polynucleotide of : Claim 2 wh^reiri said 
polynucleotide encodes the polypeptide having the deduced 
amino acid sequence of SEQ ID No. 2. 

6 . The polynucleotide of Claim 2 wherein said 
polynucleotide encodes the polypeptide encoded by the cDNA 
of ATCC Deposit Ub . 75899 

7 , The polynucleotide of Claim 1 having the coding 

sequence of th<^^^ 

8 . The polynucleotide of Claim 2 having the coding 

sequence of the polypeptide deposited as ATCC Deposit No. 
75899. 

9 , a vector containing the DNA of Claim 2 . 

10. A host cell genetically engineered with the 
vector of Claim 9 . 

11. A process for producing a polypeptide comprising: 
expressing from the host cell of Claim 10 the polypeptide 
encoded by said DNA. 
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12. A process for producing cells capable of 
expressing a polypeptide comprising genetically engineering 
cells with the vector of Claim v 9. 

13. An isolated DNA hybridizable to the DNA of Claim 
2 and encoding a polypeptide having TNF receptor activity. 

14. A polypeptide selected from the group consisting 
of (i) a polypeptide having the deduced amino acid sequence 
of SEQ ID No. 2 and fragments, analogs and derivatives 
thereof and (ii) a polypeptide encoded by the cDNA of ATCC 
Deposit No. 75899 and fragments, analogs and derivatives of 
said polypeptide. 

15. The polypeptide of Claim 14 wherein the 
polypeptide has the deduced amino acid sequence of SEQ ID 
No. 2. 

16. An antibody against the polypeptide of claim 14. 

17. A compound which activates the polypeptide of 
claim 14. 

18. ' A compound which activates the polypeptide of 
claim 14. 

19. A method for the treatment of a patient having 
need to activate a TNF receptor comprising: administering 
to the patient a therapeutically effective amount of the 
compound of claim 18. 

20. A method for the treatment of a patient having 
need to inhibit a TNF receptor comprising: administering 
to the patient a therapeutically effective amount of the 
compound of claim 17. 

21. The method of claim 19 wherein said 
therapeutically effective amount of the compound is 
administered by providing to the patient DNA encoding said 
compound and expressing said compound in vivo. 

22. The method of claim 20 wherein said 
therapeutically effective amount of the compound is 
administered by providing to the patient DNA encoding said 
compound and expressing said compound in vivo. 



-47- 



W96/28546 PCT/IJS9S/03216 

23. A method for identifying agonists and antagonists 
to the polypeptide of claim 14 comprising: 

(a) combining TNF-f eceptor , a reaction mixture 
containing cells which proliferate in response to a ligand 
known to bind to the TNF -receptor and a compound to be 
screened under conditions where the ligand binds to the TNF 
receptor polypeptide; and 

(b) determining whether the compound inhibits or 
enhances the interactibh of the TNF receptor and the 
ligand. ' 

24. a process for diagnosing a disease or- a 
susceptibility to a disease related to an uhde^-expression 
of the' polypeptide of claim 14 comprising: 

determining a mutation in the nucleic acid 
sequence encoding said polypeptide; < 

25. v; The polypeptide of Claim 14 wherein the 
polypeptide is a soluble fragment of the TNF receptor and 
is cap^ie of binding a ligand for the receptor. 

26. A diagnostic process comprising: 

analyzing for the presence of the polypeptide of 
claim 25 iri :i a sample derived* from a host* . 
27 '. A' ptocess for determining 'whether a ligand not > 

known to be capable of binding to the polypeptide of claim 
14 can bind thereto comprising: < - . 

contacting a; ! -«i(ttiiMiiW^B-ll- -«hich--e*pre«Be8 the 

receptor with a potential ligand; 

detecting the presence of the ligand which binds 

to the receptor^ and 

determining whether 'the ligafid binds to the : 

receptor . ■' 
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